correspondence correspondence Quality and quantity indices in science: use of visualization tools R ecent articles in EMBO reports have addressed the issues of decreasing research funding (Wolinsky, 2009) and the importance of research evaluation (Bornmann & Daniel, 2009 ). Both topics are directly connected to one other. In the light of stagnant or even decreasing private and public funding for research, precise rules for funding policies have become indispensable in order to identify good research projects and proposals. The use of benchmarking systems to assess the quality of research is therefore an important feature of implementing an efficient funding policy. Although individual scientometric and biblio metric methods can be used to analyse the research activities of faculties or single scientists, these techniques often do not provide a larger picture of scientific quality and quantity in relation to funding. Without the use of scientometric methods and other techniques to analyse whether existing funding schemes are successful or not, there will be a growing disrespect for funding policies among scientists. To address this, we present an example of how to visualize research quantity and quality across the European Union (EU).
Reviews of European research funding and other comments make it clear
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The increase in the total number of published articles is a quantitative marker. To assess qualitative or semi-qualitative parameters, we used citation indicestotal citation numbers or average citation per publication-from the Web of Science (WoS) database. The data were analysed for the total number of articles from a specific country, the total number of citations for a specific country, the average number of citations per published item for countries with at least 30 published articles, and any bilateral research cooperations.
A total of 808,287 published items were identified and analysed; 367,777 items from 2000 and 440,510 (+19.78%) from 2006. This number shows some differences that the EU needs to improve its research strategy (Fricker, 2007; Kingdon, 2006; Mayor, 2007; Watts, 2008) . In this respect, a recent news report stated that "European science is not as intense as hoped" (Clery, 2009) . Although research activities in the EU increased between 2000 and 2006, research spending as a percentage of the gross domestic product (GDP) was stuck at about 1.84. However, many scientists argue that the success of European science should not only be measured in terms of 'work force' and spending, but also in terms of its actual output-that is, publications.
A combination of scientometric tools and new visualizing techniques such as density equalizing mapping (Gastner & Newman, ≥ 25,000 ≥ 10,000 ≥ 7,500 ≥ 5,000 ≥ 2,500
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Year 2000 (Table 1 ; Fig 1) . In this regard, the number of European publications has increased by 49.37%. The growth in scientific publications ranges from 24.09% in Finland, to 37.02% in the UK and 44.09% in Germany, to immense increases of 162.12% in Portugal and 402.70% in Lithuania (Table 1) . This increase correlates significantly with the GDP of each country, adjusted to the purchasing power parity index (2000: r = 0.90, P = 0.01; 2006: r = 0.92, P = 0.01). In the year 2006, the indices were lower owing to the timing bias, but small countries dominated again: Switzerland had an average of 8.18 citations per publication, followed by Malta with 7.88, Denmark with 7.58, the Netherlands with 7.25, Sweden with 7.03 and Iceland with 6.97. The UK had an index of 5.99 citations per publication, Italy 5.83, France 6.10 and Germany 6.30. However, a transformation of the data to density equalizing maps revealed a significantly different image (Fig 3) in comparison with the maps of overall numbers of publications (Fig 1) or overall numbers of citations (Fig 2) .
As the amount of bilateral or multi lateral cooperations within the EU could act as a semi-qualitative marker, we included these networks in our analysis, which showed an increase in cooperations. From the 367,777 publications analy sed from the year 2000, 41,602 were the result of a European cooper ation (cooperations outside Europe were not analysed). In 2006, the total number of cooperations was 62,586 out of 440,510 (+50.43%). A chart technique can be used to visualize the bilateral networks in the years 2000 and 2006 (see supplementary information online).
In conclusion, scientometric tools, together with visualizing techniques such as density equalizing maps or radar charts, can be used efficiently to analyse scientific progress and display the results in an easily accessible manner. Moreover, it shows that R&D funding alone is not the only factor that determines the quantity and quality of research output. Future studies should also address parameters such as authorship and institution network analysis to evaluate research proposals on a supranational level.
Supplementary information is available at EMBO reports online (http://www.emboreports.org). between the data held by PubMed and WoS, owing to the different sources-journals, conference proceedings, for example-that each includes. Although both databases report an increase in the total number of published items, the total number of citations does not follow this trend: citation numbers were higher in 2000 than in 2006 (Fig 2) However, this finding is biased by the timing of the analysis; the articles published in 2000 have accumulated citations over a period of more than nine years, whereas the articles ≥ 1,500,000 ≥ 1,250,000 ≥ 1,000,000 ≥ 750,000 ≥ 500,000 ≥ 500,000 ≥ 250,000 ≥ 100,000 ≥ 75,000 ≥ 50,000
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